Medication adherence is essential to diabetes care. Patient-physician language barriers may affect medication adherence among Latino individuals.
Latino patients and their non-Spanish-speaking physicians have been associated with higher risk for poor glycemic control. In a prior study, we found that LEP Latino patients whose physicians did not speak Spanish were twice as likely as those with Spanish-speaking physicians to have poor glycemic control (28% vs 16%). 8 Language barriers might lead to poorer glycemic control via several pathways. Medication reconciliation can be difficult across language barriers, 9 and physicians may be reluctant to initiate or intensify medications when they are uncertain of a patient's current medication use. Patients are less likely to initiate insulin if they feel their physician did not adequately explain the risks and benefits. 10 Encounters carried out across language barriers are often less patient centered, 11 and LEP patients with language-discordant physicians are less likely to report trust in their physicians. 12 Physicians who lack fluency in the patient's language may feel stymied when attempting to elicit or address a patient's medication concerns, 13 and patients' lingering questions and lack of comprehension of their medication regimen may lead to poorer medication adherence. However, the extent to which language barriers affect medication adherence for newly prescribed medications, and how these potential barriers play out in health care settings with uniform access to professional interpreter services, is not well understood.
We designed a study to evaluate the role of ethnicity and language barriers, specifically patient-physician language concordance, on Latino patients' nonadherence to newly prescribed oral hypoglycemic medications or insulin.
We compared medication nonadherence across 4 groups of insured patients with diabetes: (1) English-speaking nonLatino white patients; (2) English-speaking Latino patients; (3) LEP Latino patients whose physicians were fluent in Spanish (LEP concordant); and (4) LEP Latino patients whose physicians were not fluent in Spanish (LEP discordant). Our hypotheses were that LEP-discordant patients would have greater medication nonadherence than LEP-concordant patients, and that nonadherence among both English-speaking and LEP Latino patients would be higher than for white patients.
Methods

Study Setting and Population
The study setting was Kaiser Permanente Northern California (KPNC), an integrated health care delivery system that provides comprehensive medical services to approximately 3.9 million members. The study population was drawn from the KPNC Diabetes Registry, a well-characterized, ethnically diverse diabetic population. 14, 15 For this analysis, participants were eligible if they were active health plan members with type 2 diabetes, self-identified as Latino or white, whose preferred language was English or Spanish, and were aged 18 years or older on the date they were prescribed a new oral hypoglycemic medication or insulin during 2006-2010 (n = 116 802). Patients were excluded if they had end-stage renal disease (n = 1744), gaps in KPNC coverage and/or pharmacy benefits for more than 2 months during the 2 years prior through the 2 years after the date of the new medication prescription (n = 35 124), or were not empaneled at the time of the new medication prescription with a primary care physician for whom Spanish-language proficiency data existed (n = 49 096), leaving 30 838 patients for the study.
This study was approved by the institutional review boards of KPNC and the University of California, San Francisco; the requirement that informed consent be obtained from study participants was waived.
Measures
Latino patients whose preferred language was Spanish in the electronic health record were considered to have LEP. To determine language concordance, we identified the Spanish fluency of each LEP Latino patient's physician using data from 2 surveys: (1) an administrative survey given to physicians on employment and (2) a web-based survey we developed specifically to ask KPNC physicians about their Spanishlanguage ability conducted in 2012. Both surveys asked physicians to indicate their level of Spanish-speaking proficiency as "not at all," "low," "moderate," or "high." If data from both surveys were available, we used answers from the more recent web-based survey. Physicians whose self-reported Spanish-speaking proficiency was "high" were considered fluent in Spanish 16 ; their LEP Latino patients were designated as being in language-concordant relationships (LEP concordant) and LEP Latino patients whose physicians were not fluent in Spanish were designated as being language discordant (LEP discordant).
Nonadherence
Our outcomes of interest were measures of patient nonadherence to each newly prescribed hypoglycemic medication. Diabetes medications were classified as oral or insulin. See the eAppendix in the Supplement for details. Medication adherence was estimated using medication dispensing data from KPNC pharmacies; patients' pharmacy benefits were limited to those pharmacies. To be considered a new medication, we required that there was no dispensing of the medication in the prior 24 months; for each new medication ("index therapy"), we measured adherence subsequent to "index date," defined as the date of first dispensing (or prescribing date if there were zero dispensings). We used 4 validated measures to assess medication nonadherence to each newly prescribed diabetes medication. [17] [18] [19] (See definitions in Table 1 
Data Analysis
To guide covariate selection, we constructed a causal directed acyclic graph (DAG) based on our team's interpretation of a broad review of the literature and hypothesized causal pathways that could link language barriers to medication adherence (eFigure in the Supplement). [20] [21] [22] Directed acyclic graphs are particularly useful in analyses where many factors might influence an outcome, as they clarify the relationships between the factors and assist in defining potential confounders (which should be included as covariates) and mediators (which need not be included in analytic models). From this DAG analysis, we specified the set of covariates required in adjusted regression models to generate causal estimates of the effect of language barriers on adherence. 20, 23, 24 Based on our DAG, the necessary covariates included patient age, sex, race/ethnicity, and socioeconomic status and the physician's race/ethnicity, age, and sex. were generated to calculate adjusted relative risk of the binary outcomes (ie, nonadherence to newly prescribed oral hypoglycemic medications or insulin). We chose this method over logistic regression or binomial regression because (1) the odds ratio is a biased estimate of relative risk for common outcomes and (2) convergence problems are common in binomial regression models. We used robust variance estimates because log Poisson models tend to give conservative results. 27 Our models also adjusted the residual covariance structure for withinpatient clustering, as some patients were prescribed more than 1 new medication during the study. We compared Englishspeaking and LEP Latino vs white patients, LEP Latino vs English-speaking Latino patients, and LEP-discordant vs LEP-concordant Latino patients.
We conducted a sensitivity analysis incorporating physicians who reported "moderate" fluency into the languageconcordant group.
Results
The study population of 30 838 included 21 878 white, 5755 English-speaking Latino, and 3205 LEP Latino patients. Among LEP Latinos, 1610 (50.2%) had a physician who was language concordant and 1595 patients (49.8%) had a physician who was language discordant ( Table 2) . Compared with white patients, Latino patients were somewhat younger and lived in poorer neighborhoods. They also had fewer comorbid illnesses, fewer long-term nondiabetes medications, lower out-of-pocket costs, and were less likely to be diagnosed as having depression. However, Latino patients had higher rates of poor glycemic control (hemoglobin A 1c >9%) than white patients, with LEP Latino patients at 37%, English-speaking Latino patients at 36%, and white patients at 24%. Limited English proficiency-concordant and LEP-discordant patients were similar, although depression was more com- monly diagnosed among the LEP concordant (15.1% vs 11.0%; P < .05) ( Table 2) . A total of 696 physicians cared for the 30 838 patients, with each physician caring for 45 patients on average (SD, 33; range, 1-156). Physicians differed slightly across groups by age, sex, and race/ethnicity, with physicians caring for LEP Latino patients more likely to identify as Latino than physicians caring for white or English-speaking Latino patients (42.3% vs 7.2% and 13.3%). There were 46 131 new prescriptions for diabetes medications (39 157 for oral medications and 6974 for insulin) over the 5-year study period. At each adherence stage, LEP Latino patients had greater nonadherence to oral medication prescriptions than English-speaking Latino patients, who in turn had greater nonadherence than white patients ( Table 3) . Initiation of treatment to oral medications was poor: 32.2% of LEP Latino patients, 27.2% of English-speaking Latino patients, and 18.3% of white patients were either primary nonadherent or early nonpersistent. More than half (54.2%) of LEP Latino patients were nonadherent to treatment with oral diabetes medications before the end of follow-up.
The prevalence of inadequate adherence for oral medications based on NPMG was substantially greater for Latino than white patients, and greater still for LEP Latino patients (60.2% for LEP Latino patients, 51.7% for English-speaking Latino patients, and 37.5% for white patients) (P < .05 for each comparison) (Figure) .
The ethnic-language patterns for primary nonadherence for the far fewer new insulin prescriptions were similar to those of oral medications, although the differences were not statistically significant. Early-stage nonpersistence with insulin varied substantially: 42.8% among LEP Latino patients, 34.4% among English-speaking Latino patients, and 28.5% among white patients (P < .05 for each comparison). There were no significant differences between the LEP-concordant and LEPdiscordant groups for any of the measures.
The patterns described here persisted after adjustment for variables guided by our DAG and in fuller models incorporating potential mediators (comorbidity index, number of nondiabetes medications, out-of-pocket cost, and depression) ( Table 4 and the eTable in the Supplement). Relative to white patients, English-speaking Latino patients had adjusted relative risks ranging from 1.23 (95% CI, 1.19-1.27) to 1.30 (95% CI, 1.23-1.39) for nonadherence to oral medications and insulin, while LEP Latino patients had somewhat larger adjusted relative risks ranging from 1.36 (95% CI, 1.31-1.41) to 1.49 (95% CI, 1.32-1.69). 
LEP Latino subgroups
Inadequate adherence to newly prescribed oral hypoglycemic medications based on new prescription medication gap by race/ethnicity, English-language proficiency, and patient-physician language concordance. Following convention, patients are categorized as demonstrating "adequate" or "inadequate" adherence based on commonly used cut points for gaps in medication supplies (ie, new prescription medication gap <20% vs Ն20% of follow-up time, respectively). Limited English proficient-concordant and LEP-discordant patients had similar risks of nonadherence relative to white patients, ranging from a low of 1.33 (95% CI, 1.26-1.4) to a high of 1.52 (95% CI, 1.3-1.76). The differences in primary nonadherence of insulin were smaller and not significant. Differences in nonadherence between LEP Latino and English-speaking Latino patients, while smaller than those noted between Latino groups and white patients, also persisted after adjustment for patient and physician factors (Table 4) . Compared with English-speaking Latino patients, LEP Latino patients had relative risks ranging from 1.11 (95% CI, 1.06-1.15) to 1.17 (95% CI, 1.02-1.34). As in the unadjusted analyses, no differences in nonadherence were noted between LEPconcordant vs LEP-discordant patients at any stage of medication use. Relative to LEP-concordant patients, LEP-discordant patients had relative risks ranging from 0.92 (95% CI, 0.71-1.19) to 1.04 (95% CI, 0.97-1.1).
Adherence to Diabetes Medications Among Latino and White Patients
A sensitivity analysis incorporating physicians reporting "moderate" Spanish into the language-concordant group resulted in a slight change in patient nonadherence by NPMG (LEP concordant, 52.6% vs LEP discordant, 55.3%; P = .13).
Discussion
In this study of nonadherence to newly prescribed diabetes medications among insured patients in an integrated health care delivery system with uniform access to interpreter services, we found substantive, graded differences in nonadherence among white, English-speaking Latino, and LEP Latino patients. While the greatest nonadherence was among LEP Latino patients, large differences in adherence between white and Latino groups existed irrespective of English-language proficiency. Contrary to our hypothesis that language discordance in the patient-physician encounter would be associated with greater medication nonadherence for LEP patients, we found no difference in nonadherence measures among the LEP Latino patients when examined by the Spanish fluency of their physician.
The relationship between Latino ethnicity, Englishlanguage proficiency, and medication nonadherence has been difficult to study. Although a population-level study found no differences between elderly Latino and white patients in selfreport of diabetes medication nonadherence, 28 Our study adds to this literature in several ways. First, it offers a clinically relevant measurement of the substantial difference in newly prescribed medication adherence between Latino and white patients with the same disease, in a setting conducive to medication adherence, and irrespective of Latino language preference. Despite favorable clinical char- acteristics (ie, fewer comorbidities and less medication burden), approximately a third of LEP Latino patients never started their prescribed treatment to oral medications and half never started prescribed insulin. Between 50% and 60% of Latino patients (English-speaking or LEP) did not have adequate supply of a newly prescribed diabetes medication during follow-up (eg, were without medication at least 4.8 of 24 months) while the same was true for about 37% of white patients. Second, we also observed that language concordance between clinician and patient is insufficient to eliminate disparities in adherence for LEP Latino patients with diabetes. Prior work has consistently demonstrated that LEP patients with language-discordant physicians report less comprehension of diagnosis and treatment, including medication instructions.
36,38
Limited English proficient patients report more adverse medication events, less trust in physicians, and less satisfaction with the medical encounter. 12, 36, 39 Physicians caring for LEP patients report that language barriers make it difficult to elicit symptoms, reconcile medications, and establish rapport. 13 Why then, did we find no differences in medication adherence by patient-physician language concordance and only small differences in adherence between LEP and English-speaking Latino patients? Several facts are worth considering. Medical homes that harness the skills of ethnically and linguistically diverse medical staff (eg, nurse care managers) may play a large role, as support personnel may supplant the central role of the primary care physician in medication coaching. Uniform access to professional interpreter systems, testing and certification of bilingual staff, 40 and greater physician awareness of language-associated disparities may also help mitigate language barriers in the clinical encounter. Yet, the high nonadherence rate observed suggests that even these programs are insufficient to overcome barriers to medication adherence among LEP and English-speaking Latino patients; more research, using qualitative and quantitative methods, is clearly needed to determine key factors and enable successful interventions.
Our study of medication nonadherence should not be taken to imply that language concordance is not associated with better glycemic control among Latino individuals. Glycemic control is dictated by a range of lifestyle factors (eg, diet, exercise, weight control, and stress) in addition to use of pharmacotherapy. In a recent study, we found that LEP Latino patients who switched from a language-discordant physician to a language-concordant physician improved glycemic control more than those who switched to another language-discordant physician. 41 Even in the absence of adherence differences, improved attention to lifestyle, or intensification of insulin, which we could not capture, could account for the improvement in glycemic control observed when patients switched to languageconcordant physicians.
Strengths and Limitations
Our study has additional strengths. To our knowledge, this is the first study to determine ethnic-language medication adherence differences by examining all new diabetes medication prescriptions in the clinical record. Most studies have relied on estimates of ongoing medication adherence. The use of detailed electronic records allowed us to use multiple, validated measures of medication nonadherence to examine oral diabetes medication and insulin adherence overall and at different stages of medication use, including primary nonadherence, which is typically not captured. We have shown previously that because Kaiser Permanente maintains a closed pharmacy system, ascertainment of pharmacy use in a sample with pharmacy benefits is quite complete. 18 We were able to include a direct measure of physician Spanish fluency via a physician self-report survey in addition to administrative data. Sensitivity analysis showed little variation when we altered our cut-off for physician fluency. Finally, the integrated health care system setting in this study affords all patients relatively uniform access and quality of care, relatively small financial and logistical barriers to medication use, and access to bilingual staff and interpreter services, thereby increasing the internal validity of our findings.
Our study also has several limitations. First, we were unable to measure individual-level socioeconomic indicators, such as education and income, health literacy, or acculturation level of patients, which are all potentially important factors in medication adherence. Instead, we relied on the Neighborhood Deprivation ff Index, a contextual measure of socioeconomic status. Second, we may have misclassification errors in adjudication of patient English-proficiency status using administrative data. Data from our own work and others indicate that about 20% to 30% of patients indicate a non-Englishlanguage preference despite speaking English well. 42 If patients classified as LEP with language-discordant clinicians were actually English speaking, a small difference between the LEP groups may have been obscured. Adoption of current recommendations to include an English-language proficiency question when capturing race, ethnicity, and language data would strengthen studies of this type. Third, we measured adherence after each new prescription in the electronic medical record. If a patient refused a medication during the clinical encounter, the physician would most likely not write a prescription. In our study, lower rates of insulin use among Latino than white patients, along with higher rates of poor glycemic control among Latino patients, suggest that Latino patients might be refusing insulin within the clinical encounter, resulting in no prescription and no opportunity to measure adherence. Thus, our findings likely underestimate the adherence gap between Latino and white patients. Fourth, our findings may not generalize to other settings with less access to interpreters or with different Latino groups. Fifth, we were unable to systematically measure interpreter use. Sixth, we had no objective measure of physician Spanish proficiency. Finally, we had no direct measure of medication adherence beyond dispensing.
Conclusions
Our study among insured patients suggests that more needs to be done to improve adherence to newly prescribed medications among Latino patients at all levels of English proficiency. Regardless of their language ability, Latino patients had much lower rates of initiating newly prescribed diabetes Patient characteristics not used as covariates (because the DAG analysis did not require them), but shown in Table 2 to further describe the patient population, included co-morbidities, depression, number of chronic (non-diabetic) medications dispensed, outof-pocket medication cost in the 6 months prior to index date, use of oral hypoglycemics or insulin, no diabetes medication use, and hemoglobin A1c. The Charlson co-morbidity index was used to measure co-morbidities (not including diabetes) in the calendar year prior to the index date year, and was grouped into four levels (< 1, 1 to < 2, 2 to < 3, and ≥ 3). Depression was defined by physician diagnosis (ICD-9 code: 296.2x, 296.3x, 
